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cDNA was synthesized and cloned on the template of the genomic RNA of Marburg virus (strain Popp). Recombinant plasmids with specific cDNA 
inserts were selected and sequenced. The length of the open reading frame encoding the GP-protein is 681 amino acids. GP-protein is proposed 
to be an integral membrane protein. Computer-assisted comparison of the deduced amino acid sequence with those of different viruses revealed 
significant homology with the GP-protein of Ebola virus and with the ‘immunosuppressive domain’ of the Pl5E envelope proteins of some oncogemc 
retroviruses. 
Marburg virus; Filoviridae; cDNA; Envelope protein; Immunosuppressive domain 
1. INTRODUCTION 
Marburg virus causes severe hemorrhagic fever in 
humans with a mortality rate of 30-35% [l]. The first 
outbreaks occurred in 1967 in Germany and Yugoslavia 
when infected monkeys were imported from Africa [l]. 
Since then some cases of Marburg disease have been 
reported [2,3]. Together with the other extremely viru- 
lent virus, Ebola virus, Marburg virus belongs to the 
family Filoviridae [4]. 
The genome of the Marburg virus is a non-segmented 
RNA strand of negative sense [5]. It encodes seven 
structural proteins in the following gene order: 3’-NP- 
VP35-VP40-GP-VP30-VP24-L-5’ [6]. All these proteins 
are produced from monocistronic messenger RNAs 
which are complementary to the negative-strand 
genomic RNA [5,6]. The GP-protein is a glycosylated 
envelope protein and is presented in virus particles as 
a homotrimer [7]. Identification of the primary structure 
of the GP-gene and its product is of great importance 
in understanding the nature of the virus and the mecha- 
nisms of its high pathogenicity. 
Our first results of cDNA synthesis, cloning and se- 
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The presented sequence of the Marburg genome fragment has been 
published m the EMBL Data Library (X68493, 1992). 
quencing of Marburg virus genome fragment were pub- 
lished in [S]. In this paper we report the synthesis of a 
cDNA on a genomic RNA template, its cloning, the 
nucleotide sequence of the GP-gene and its deduced 
amino acid sequence. 
2. MATERIALS AND METHODS 
The Popp strain of Marburgvirus was isolated in 1967 in Frankfurt, 
Germany. Virus was obtained from the Byelorussian Institute of Epi- 
demiology and Microbiology (Minsk. Byelorussia). Virus was purified 
from plasma of infected guinea pigs by gradient ultracentrifugation as 
described previously [8]. Isolation of genomic RNA was performed as 
described in [9]. cDNA was synthesized using AMV reverse transcrip- 
tase and a random primer. A cDNA-RNA hybrid was cloned into 
plasmid pBR322 after poly(C) tailing 191. Specific clones were screened 
by colony hybridization on nitrocellulose filters with [‘*P]ATP-labeled 
genomic RNA. The primary structure was determined by the Maxam 
and Gilbert method [IO]. A homology search through SWISSPROT 
or EMBL bank was performed by the QUICK program of the GEN- 
BEE package. 
3. RESULTS AND DISCUSSION 
More than 1,000 hybrid plasmids containing specific 
viral inserts were screened by cross-hybridization and 
restriction endonuclease mapping, of which 37 partly 
overlapping plasmids were sequenced. It was shown 
that these plasmids contained the complete nucleotide 
sequence of the Marburg virus genome (more than 
19,100 bp). Seven long open reading frames (ORFs) 
which corresnonded to seven known virion proteins 
Abbreviutions ARV. avian reticuloendothehosis virus, ASV, avian 
sarcoma virus UR2 type; BAEV, baboon endogenous virus; FeLV, 
feline leukemia virus; HTLV-I. human T-cell leukemia virus type I; 
M-MuLV, Moloney murine leukemia virus; RSV, Rous sarcoma 
virus; aa, ammo acid. 
I 
were revealed. The complete nucleotide sequence of the 
Marburg virus genome will be published in a separate 
article. 
The nucleotide sequence of the GP-gene (plus-strand 
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CCMC~CCAACACMCGGCACMCCGTCCATGCCCCCCCACMCACCAClGCMTClCTACTMCMCACCTCCM~CMCTTCA 1170 
PaKTmTTAO PSMPPH~TTAIST@~TSKN@F 351 
GCACCCTCTCTGTATCACTAC~CACCACCMlTACCACACACA~GCACAGCCACT~y~C~CCAGTGCCCCCTCC~ 1260 
STLSVSLO~TTNYDTOSTATENEQTSAPSK %31 
CAACCCTGCCTCCAACACGATCTTACCACACCAAACAGCACTMC~CAC~GGCCCCACCACMCGGCAC~TAT~C~TG 1350 
TTLPPTC~LTTAKST~NTKCPTTTAP@HTN 411 
GGCATTTAACCAGTCCCTCCCCCACCCCCMCCCGACCACACMCATCTTGTATATTTCAC~G~CGMGTATCCTCTG~GGCMG 1440 
GHLTSPSPTPOPTTO HLVYFRKKRSI L Y R E 441 
GCCACATGTTTCCTTTT~TCGACGGCTlAT~TGClCCAATTGATTTTCfT 1530 
GDWFPFLDGLlWAPlDFDPVPNTKTIFDES 471 
CyACTTCTGCTCCTTCGCCTtACGPlAGATCMCATGCCTCCCCC~TATCAGTTT~CTlTAlCCTATTTTCCTMTAT~T~CA 1620 
SSSCASAEEDQHASP~lStTLSYFPNIbiEN 501 
CTCCCTACTCTCGACAAAATGA~C~TTGTGAlCCAGAGTT~~TTTG~GCGTTCAG~GGAT~CCTGGCAG~GGGCTCAGTT 1710 
TAYSCENENDCDAELRIUSVPEDDLAAGLS 531 
GCATACCCTTTTTTGGCCCTGGMTCCAACCACTTTATACTGCTGGTTTMTT~CC~C~TTTGGTCTGCAGGTT~GCCGTC 1800 
UIPFFCPGIECLYTACLIKWQYYLVCRLRR 561 
TAGCCMTCAAACTGCCAMTCCTTGG~CTCTTAACACATGCCATTG 1890 
LAjijOTAKSLELLLRVTTEERTFSL L 591 
ACTTTCTACTCACMGGTCCG~C~CATGC~GTGCTTCGACCTGATTGTTGCATTG~TACMCACTTGTCCAGG~TATT~CGG 1980 
ClEDLSR@IS 621 
AACAAATTtACCAAATCAAAAAAtATCAACMAAACAGCCCAC~CGTlCCGG~CTACCTCCTAAATCGTCCACATCCCACTCCCCTCTTC 2070 
EOIDPIKKDEPKEGTGUGLGGKUUTSDUGV 651 
TTAClAACTTCCCCATTTTGCTACTATTATCCATAGCTGTCTTGATTCCTCTATCCTGTATTTC~CC~ATCTTTACC~TATATCC~T 2160 
LTNLGILLLLSIAVLIALSCICRIFTKrIG 681 
MTATlMGTCTCTATTCAlTAAACCTTTAGGACMTTCCTACTGAGCCCTTCTTCTMTCTACTWUATCMCTTGG~~TlTTTMG 2250 
. 
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Ftg. 2. Schematic representation of the GP-protein based on the predicted amino actd sequence. Hydropathtc plot computed by the method of Kyte 
and Doolittle [12] using an interval of 9 aa. The plotted line at the -5 value represents the midpoint line. The hydrophobtc domams are above 
the line and the hydrophilic domains are below it. The positions of potential glycosylation sites (I) and the cysteine residues (I) are shown. The 
predtcted signal peptide. ‘tmmunosuppresstve domain’ and membrane-traversing region are indicated as a, b and c, respectively. 
of cDNA), which corresponds to 0RF4 [6]. and de- 
duced amino acid sequence are presented in Fig. 1. 
Computer analysis of the full-length RNA sequence re- 
vealed the canonic sequences corresponding to those 
shown in Fig. 1 before and after each ORF. One of these 
sequences constitutes part of the transcriptional start 
signal 3’-NNCUNCNUNUAAUU-5’ (negative-strand 
RNA), described in [6] for Marburg Musoke strain and 
shown to be mRNA extremities. The other sequence 
corresponds to a transcriptional stop signal and mRNA 
extremity sequence 3’-UAAUUCUUUUU-5’ [6]. The 
initiation codon of the ORF corresponds to the Kozak 
rule [l 11. The deduced polypeptide is 681 aa long. It has 
23 potential asparagine-linked sites of glycosylation 
(Figs. 1 and 2). Most of these sites are located in two 
clusters: aa 171-25.5 and 310422. 
A hydropathic plot [ 121 (Fig. 2) shows that the amino 
acid sequence contains two extensive regions of hydro- 
phobic and mostly uncharged amino acids. The first of 
them is situated at the N-terminal of the protein (aa 
622). It probably corresponds to the hydrophobic frag- 
ment of the signal peptide. The second and most strik- 
ing of the hydrophobic regions (aa 651-673) is located 
at the C-terminal of the polypeptide. This fragment is 
predicted to be a membrane-traversing region of the 
GP-protein. The last 8 aa at the C-terminal from aa 674. 
are considered to lie on the inner side of the membrane. 
There are two basic residues immediately near the hy- 
drophobic domain: arginine (position 674) and lysine 
(678). It is possible that any interactions between the 
protein and the virion core particles occur through these 
residues. Most of the GP-protein located between two 
hydrophobic regions has a long hydrophilic region 
which includes two clusters of potential glycosylation 
sites and is predicted to lie outside the lipid envelope. 
Recently it was reported that the C-terminal part of 
the GP-protein of Ebola virus has significant homology 
with the ‘immunosuppressive domain’ of the PI 5E enve- 
lope proteins of various oncogenic retroviruses [ 131. We 
have compared the deduced amino acid sequence of 
GP-protein of Marburg virus with that of the C-termi- 
nal of the GP-protein of Ebola virus and with the ‘im- 
munosuppressive domain’ of RSV, ASV, M-MuLV, 
FeLV, HTLV-I, ARV, and BAEV [14-201. Alignment 
of the C-terminus of Marburg virus GP-protein (from 
aa 518) with the appropriate region of Ebola virus GP- 
protein is presented in Fig. 3. Similarity in this region 
is 49%. This fact confirms the evolutionary relationship 
between these two members of the Filoviridae family. 
The comparison of Marburg virus GP-protein (aa 586- 
61 1) with that of Ebola virus and with the ‘immunosup- 
pressive domain’ of oncogenic retroviruses is presented 
in Fig. 4. The homology between the Marburg and 
Ebola viruses in this fragment reaches 81%. The align- 
t 
Fig. 1. The nucleotide sequence of the Marburg virus GP-gene (cDNA plus-strand). The deduced ammo acrd sequence is given below the nucleotide 
sequence. The canonic sequences corresponding to transcriptional start and stop signals are overlined. The possible asparagine-linked glycosylation 
sites are boxed. Two hydrophobic regions located at the N- and C-terminal parts of the putative polypeptide are underlined. The ‘immunosuppres- 
sive domain’ is shaded. 
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MARBIJRG IWSVOEDDLAAGLSWIFFFGP(;IEGLYTAGLII:NONNSLELL 
EHOLA Y TT DEGA I. A Y AA. I.IE MH .DG I G 0. E TQA 0 F 
MARBURG LRVTTEERTFSLINRHAIDFLLTRWGGTCI:V~~~;PDI:C~GIEDLSRNI~E~ID~IK~~ 
EBOLA .A .L IL K 12 HI EPH WTK TDK IH 
MARBURG DE-~KEGTGWGLG~~:;IWTSDWGVLTNLGILLLLSIAVLIALSCICRIFTKYIG 
EBOLA FVD.TLPDQ DNDN. G- ROWIPA. GVTGV.IAV F KFVF--m- 
Fig. 3. Comparison of the Marburg virus GP-protein (C-terminal region from aa 518) with that of Ebola vtrus [14]. Gaps are indicated by dashes. 
Amino actds that are the same m Ebola virus and Marburg virus are replaced by dots. 
ment revealed the occurrence of a significant degree of 
homology (4246%) between Marburg virus and the 
P15E protein fragments of retroviruses. There is some 
experimental evidence showing the participation of this 
retrovirus domain in the immunosuppressive activity of 
retroviruses. It was demonstrated that lymphocyte blas- 
togenic responses to mitogens and alloantigens are in- 
hibited by FeLV P15E protein: transformation of 
human lymphocytes by concanavalin A is also blocked 
by P15E [21.22]; proliferation of murine cytotoxic T- 
lymphocyte is inhibited by this protein [33]. M-MuLV 
PI 5E inhibits macrophage accumulation at inflamma- 
tory foci in mice [24]. Moreover, a synthetic peptide 
(SKS-17), synthesized to correspond to the region of 
homology between P15E of various retroviruses, inhib- 
ited the proliferation of an interleukin-2-dependent 
murine cytotoxic T-cell line and alloantigen-stimulated 
proliferation of murine and human lymphocytes [25]. 
Taking into account these features of the P15E ‘im- 
munosuppressive domain’ we consider that the similar 
region in Marburg virus GP-protein could play an im- 
portant role in the high pathogenicity of Marburg virus. 
We revealed another region of similarity with retro- 
viruses in the transmembrane domain of the GP-pro- 
tein. It is the sequence of four leucines at position 658- 
661. There are identical sequences in the transmem- 
brane domain of PI SE-proteins of HTLV-1 and BAEV 
[l&20]. The existence of regions of similarity between 
Marburg virus and different retroviruses may be caused 
by recombination events between ancestors of these vi- 
ruses. 
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